Abstract Artificial reef areas can be used for management and conservation of commercially exploited crustacean decapods but their behaviour in these environments is poorly characterised. Acoustic tags were used to study the behaviour of 3 adult spiny lobsters (Palinurus mauritanicus) and 3 adult spider crabs (Maja squinado) over a period of 64 days in summer, evaluating the use of artificial reef areas as suitable sites for re-stocking of overfished decapods. For this purpose, animals were released in a western Mediterranean artificial reef located at 20 m depth, close to a cabled seafloor observatory, which simultaneously recorded temperature, salinity, current direction, current speed and light intensity over the study period. Spiny lobsters lingered in the reef area, whereas the spider crabs left the area 21-45 h after release. These behavioural differences suggested that artificial reefs might be a good area to deploy adult lobsters for re-stocking purposes. The movements displayed by the lobsters during this experiment were not influenced by any of the measured environmental factors, whereas spider crab movements occurred against major current direction, when current speed was intense.
Introduction
In the western Mediterranean, lobster and crab stocks are threatened by past and present overfishing (Sardà & Martin, 1986) . For example, Catalan (western Mediterranean) official landings of the last decade show a significant decrease in captures of benthic crustacean decapods of 13%, with a decrease in capture per unit effort of 29% (http://captures-rec. cmima.csic.es). Decapods are vulnerable to overfishing due to the combination of low escapability from divers and fishing gear and high mortality at early stages of development (Stevcic, 1967 (Stevcic, , 1977 Abad, 2003; Goñi & Latrouite, 2005) . Re-stocking in sensitive sites is critical to preserve stocks and is often effective for fisheries management (Bell et al., 2006) . However, re-stocking requires a basic knowledge of several life history traits of species, including their movement patterns in relation to their putative permanence within specific areas.
To the best of our knowledge, no telemetry studies have been performed on the spiny lobster Palinurus mauritanicus Gruvel, 1911 and the spider crab Maja squinado (Herbst, 1788), which are important objectives of artisanal fisheries in the Mediterranean area. Several life history traits of these species are known (e.g. Bussani & Zuder, 1977; Stevcic, 1977; Hunter, 1999; Goñi & Latrouite, 2005; Guerao et al., 2008; Guerao & Rotllant, 2010; Durán et al., 2012; Rotllant et al., 2014) , but the spatial patterns of their movements are still poorly studied, although data are available for other species within the same genus (Palinurus elephas (Fabricius, 1787), Hunter, 1999; Giacalone et al., 2006; and Maja brachydactyla Balss, 1922; Gonzalez-Gurriaran & Freire, 1994; Hines et al., 1995; Freire et al., 1999; Gonzalez-Gurriaran et al., 2002) .
Palinurus elephas inhabits shelters (Goñi & Latrouite, 2005; Giacalone et al., 2006) and can display short homing (i.e.[5 km) or larger nomadic displacements (Herrnkind, 1980) , although it apparently migrates offshore in winter (Hunter, 1999) . Although temperature, salinity, photoperiod, light and oxygen levels may be related to lobster seasonal movements, no key eliciting stimulus has been identified (Herrnkind, 1980) . In the Mediterranean, slipper lobsters Scyllarides latus (Latraille, 1802) migrate into deeper water as the sea temperature rises in summer, but individuals return to coastal reef areas after several years (Spanier et al., 1988) . Lunar illumination could also play a role in adult displacement, as identified in Panulirus argus (Latraille, 1802) (Bertelsen, 2013) . Another factor could be related to fishing pressure, as shown by MacArthur et al. (2008) .
Maja squinado exhibits seasonal migrations in relation to reproduction, with capture peaks of males in April and of females in May (Stevcic, 1973) . In mark-recapture experiments, 40% of the animals remained in the release area for several months (Bussani & Zuder, 1977) . The sibling species M. brachydactyla can move as far as 200 km away from the release area (Camus, 1983; Latrouite & Le foll, 1989; Le Foll, 1993) , and adults migrate to deep water in autumn, when temperature and salinity drop, whereas juveniles remain in coastal zones (Gonzalez-Gurriaran & Freire, 1994) . Erratic displacements are common in crabs (Arenaeus cribrarius (Lamarck, 1818) and Callinectes ornatus Ordway, 1863 (GuerraCastro et al., 2007) , as well as ontogenetic seasonal migrations (e.g. Callinectes sapidus Ratthbun, 1896; Hines et al., 1995; Davis et al., 2004; and Cancer pagurus Linnaeus, 1758; Ungfors et al., 2007) .
Artificial reefs play a pivotal role in re-stocking strategies (Jensen et al., 2000; Nonaka et al., 2000) . These structures have been deployed in many sandy coastal areas in Europe experiencing fishing impacts to prevent trawling and to concentrate fish biomass. In the Catalan Sea, artificial reefs were implemented in 1992 off Vilanova i la Geltrú (Revenga et al., 2000) , in an area that today hosts the cabled coastal seafloor observatory (OBSEA; http://www.obsea.es; Aguzzi et al., 2011) . The platform hosts instruments for longterm monitoring of different oceanographic parameters. The coupling of the platform with existing artificial reefs enables the OBSEA site to be a suitable zone for interdisciplinary studies on individual and population behaviour, including the re-stocking and tracking of resources Condal et al., 2013) .
Here, we performed a pilot study at the OBSEA reef area to track the behaviour of spiny lobsters and spider crabs using acoustic telemetry. Animal movement was compared with concomitant multiparametric oceanographic remote and continuous measurements (as provided by the OBSEA) in an attempt to provide important baseline data on the behaviour of these species in the field, which can be used in the future for re-stocking purposes.
Materials and methods

Animal origin and artificial reef description
Palinurus mauritanicus (3 adult males; 72 ± 2 mm carapace length, CL) were caught by a trawl fishing boat from Vilanova i la Geltrú harbor (Barcelona, Spain; Fig. 1 ) and held in a 200 L tank connected to a recirculation unit providing constant conditions of salinity (36%) and temperature (18°C) for 24 h without feeding until release on the next day. Adult M. squinado (3 males; 155 ± 10 mm CL) were captured north of Corsica (France) and transported to the facilities of the Research and Technology, Food and Agricultural Institute (IRTA; Sant Carles de la Ràpita, Spain), where they were held in 2000 L tanks with a recirculating water system (IRTAmar@TM) for 3 months in the same conditions as Palinurus. Spider crabs were transported to Vilanova i la Geltrú on the day of release. Animals were fed with mussels and fresh crab (Liocarcinus depurator Stimpson, 1871 and Macropipus tuberculatus Prestandrea, 1833), until their release.
The artificial reef area comprises 20 armoured concrete modules located 4 km off of Vilanova i la Gertrú at a depth of 20 m. The 4 modules close to the OBSEA platform were used for this study (Fig. 2) . Each module is formed by a large (1 9 1 9 2 m) and heavy (5 t) cement structure that stands above the seabed and has holes to encourage epibiotic colonisation and promote fish recruitment (Revenga et al., 2000) . The release occurred in summer (from July to September 2011) because anticyclonic conditions reduce the risk of storms, ensuring the maintenance of hydrophones (see below).
Acoustic tracking VEMCO Ltd (Halifax, Canada) ultrasonic telemetry equipment was used to monitor the movements of animals. Three hydrophones (H) (model: VR2 W Coded Acoustic Receiver with Bluetooth) were The transmitters (model V6: 6 mm diameter, 0.5 g, 180 kHz frequency, 200 m range) were glued on the carapace of the animals with quick epoxy adhesive. To assure that the transmitter was not lost, animals were tagged 24 h before their release, and the magnetic bar was removed to activate the transmitter on the day of release. Animals were then deployed by SCUBA divers on the 18th of July. One lobster and one spider crab were released at AR1, AR2 and AR3.
Transmitters were programmed to emit an acoustic signal every 30 s to extend the battery life up to 64 days. If the transmitter was in the reception area of the hydrophone, the identification (ID) of the transmitter was stored along with a time stamp and the serial number of the hydrophone. Later, data cleansing to remove 'double pings' or acoustic reflections from the hard surfaces of the reef units was conducted.
Behavioural data collection
The estimation of trajectories was performed by analysing the number of detections of each hydrophone per hour. Drops in detections at one source indicate the movement of the animal away from the hydrophone. When the animal left a sector covered by a certain hydrophone and moved to a nearby hydrophone, the number of detections of the former decreased and the latter increased.
Animal movements per unit time, as indicated by PIN detections within the hydrophone network, are a proxy of their behavioural activity. To estimate the percentage of activity of each tracked specimen, a reference value of zero is required. Thus, the implemented algorithm is considered a peak in activity minima in the number of detections (i.e. the animal was moving, hence leaving the zone and transmissions were lost by a hydrophone). With this reference value, the number of detections was scaled to percentages, and the activity between individuals and species could be compared.
Environmental data collection
In previous studies, several environmental factors have been correlated with spiny lobster and crab movements, and some factors have also been identified as key stimuli to trigger movements (Table 1) . In this study, we measured most of these factors and we innovatively added pressure as a proxy of internal tides, and light irradiance, which has profound effects on animal diel behavioural patterns . The CTD and the ADPC belong to the OBSEA platform (Aguzzi et al., 2011) provided data on temperature, pressure and salinity and water current speed and direction, respectively. All data were averaged per hour in LabVIEW. Light intensity data were gathered from a nearby (6 km away) meteorological station (see Aguzzi et al., 2013 for details).
Statistical analysis
A Canonical Correlation Analysis (CCA) was performed on the dataset. CCA is a multivariate statistical model that facilitates the identification of interrelationships among sets of multiple dependent variables with single or multiple independent variables (Sherry & Henson, 2005) . In our case, the correlation between the mobility of each species (independent variable) and a set of independent variables was studied. These set of independent variables were temperature (°C), pressure (dBar), salinity (PSU), water current speed (m/s) and direction (degrees in relation to north), and light irradiance (W/m 2 ).
Results
Spiny lobsters (P) presented low activity patterns and mainly remained in the artificial reef area where they were released ( Fig. 3A ; Table 2 ). Movements were observed at any time of the day-night cycle. The lobster released in the AR1 moved to the AR3, and its activity was lost on the 28th of August 2011. The specimen released in the AR2 remained around this production module; however, recovery data were partially missing between July 28th and August 31st. The lobster released in the AR3 moved around this module, but stopped moving after the 28th of July. At the end of the study, when SCUBA divers visited the study area, they found that this specimen was dead. All spider crabs (M) showed a higher activity profile than the lobsters, during both day and night. Spider crab activity was tracked for a maximum of 48 h, when the signal of the transmitter was lost because they were out of the hydrophone reception area ( Fig. 3B ; Table 2 ). The spider crab released in the AR1 moved south to H4, then moved northeast, turned to the west and finally moved south again. The spider crab released in the AR2 went to the east after being released and then turned to the south. The spider crab released in the AR3 moved south and left the artificial reef area in that direction.
No pattern was observed between the movements of the spiny lobsters and spider crabs and the following environmental parameters: salinity and pressure; although some animals presented significant differences that were not supported by other crabs or lobsters (Table 2) . Temperature was positively correlated with the movement of spider crabs, but no effect was observed in two of the lobsters, whereas P3 presented a negative correlation (Table 2) . Current speed and direction did not increase until 20 h after the animals were released. There was no correlation between lobster movements and water current and light (Fig. 4A ). There was a trend, although not statistically significant, between the current speed and light intensity and the movement of the spider crab (M2) that stayed longest in the vicinity of the reef area. M3 moved first towards the northwest. When the current speed increased and its direction was from the north, then M3 changed the direction of its movements towards the east. M2 also presented a correlation of its movement with the current speed, moving towards the south when the strongest current from the north appeared. M1 moved first to the east, but then also exited the AR towards the south (Tables 2, 3 ; Fig. 4B ). As a general pattern, when current speed was intense (above 0.15 m/s), spider crabs moved against the current.
Discussion
Our study suggests that artificial reef areas might be good sites for the stocking and conservation of adult Palinurus mauritanicus, but not for adults of Maja squinado, as our released crabs left their deployment Fig. 3 Movement ranges of spiny lobsters Palinurus mauritanicus (A) and spider crabs Maja squinado (B) in the reception area of the hydrophones located in the artificial reefs. P spiny lobster; M spider crab areas in less than 48 h. This behaviour was correlated with changes in several of the tested environmental parameters. Our data therefore highlight how continuous behavioural monitoring should be enforced by concomitant multiparametric environmental analysis at re-stocking sites. Only fixed (cabled or stand-alone) stations provide this monitoring power, and further restocking studies should be conducted in areas where permanent monitoring infrastructures are available. This is especially true for less migratory species after release (P. mauritanicus), whereas depth-oriented networks of fixed observation points would be required for migratory species.
Two out of three spiny lobsters remained in the same module of deployment (i.e. AR1, AR2), whereas the third moved 114 m away (i.e. towards AR3). These data fit within the reported sheltering behaviour observed for this species in other areas (Latrouite et al., 1999) . Tag-recapture studies conducted in the Atlantic Ocean and other Mediterranean areas indicated that adult movements are generally restricted (5 km in 8 years) and that animals are primarily active at night for foraging and reproduction (reviewed by Goñi & Latrouite, 2005) . In our study, no correlation of behaviour with light or any other environmental factor was found, whereas Bertelsen (2013) suggested that the percentage of lunar illumination triggers the restricted movement of large males of P. argus.
The limited movements of P. mauritanicus observed in the present study and the restriction of fishing activity in the OBSEA area suggest the validity of artificial reefs for re-stocking this lobster species in the Catalan coast. This management strategy is presently infra-utilised in our area, but the site fidelity and limited movements of palinurid lobsters point towards a fishery management centred on the use of marine reserves of this type (Kelly et al., 2000) . The demography of local populations could be enhanced by specific re-stocking programmes based on the release of wild specimens, as conducted in Sardinia (Giacalone et al., 2006) , southern Australia (McGarvey, 2004; MacArthur et al., 2008) , Japan (Nonaka et al., 2000) , and the United Kingdom (Jensen et al., 2000) . Relatively small marine protected areas enhance P. elephas adult stock biomass in the Mediterranean (Goñi et al., 2001) , and it is known that marine reserves are most effective in species with movements in the range of 1-5 km.
The spider crab M. squinado migrates towards deeper zones in autumn and returns to shallower and nursery areas in spring, which are inhabited by juveniles (Stevcic, 1967 (Stevcic, , 1973 Bussani & Zuder, 1977) ; however, no mark-recapture study has yet provided a detailed description of adult displacement in relation to environmental factors measured concomitantly. We detected higher activity in comparison to spiny lobsters (being able to record crab movements only between 21 and 45 h post release). Current speed increased at 20 h after crab release, when the movement of individuals generally occurred against the water flow. Movements of the spider crabs preferentially occurred during daylight and increased with increasing temperature. Further, in the seasonally depth-migrating M. brachydactyla, adults moved out from Spanish Atlantic releasing fjords 3-fold faster than juveniles and sub-adults, with a positive correlation with temperature (Gonzalez-Gurriaran & Freire, 1994) . Corgos et al. (2011) confirmed these movements and showed a clear directionality towards the north, whereas the main current was from the south. Other crabs such as C. pagurus migrate according to preferred directions, potentially set by current trajectories (Ungfors et al., 2007) . Our data indicated that M. squinado can leave restocking areas shortly after deployment. In contrast to palinurid lobsters, some crab species make migrations during adulthood (Hines et al., 1995; Ungfors et al., 2007; Comeau et al., 2012) and exhibit a short ontogenetic shift (Ut et al., 2007; Guerao et al., 2008; Johnson et al., 2011) . In these species, this short development technically and economically allowed the hatchery production for re-stocking programmes based on the release of juveniles instead of adults (Okamoto, 2004; Davis et al., 2004 Davis et al., , 2005 Johnson et al., 2011) . In M. squinado, we did not obtain Fig. 4 Relationship between the environmental factors (current speed and direction and light) recorded by the coastal seafloor observatory (OBSEA) and the activity of the spiny lobsters Palinurus mauritanicus (A) and spider crabs Maja squinado (B). P spiny lobster; M spider crab sufficient hatchery technology to conduct a proper restocking trial (Guerao et al., 2008; Guerao & Rotllant, 2010; Durán et al., 2012; Rotllant et al., 2014) . However, juveniles of the sibling species M. brachydactyla are sedentary, and therefore, we suggest that the release of juveniles of M. squinado in the artificial reef could be a proper re-stocking technique in the Mediterranean for this strictly protected species. Notwithstanding, the efficiency of such a re-stocking should be evaluated with more site-specific environmental studies in release areas (Lebata et al., 2009 ).
In conclusion, we proved the efficiency of acoustic tracking for adult male lobsters and crabs in a welldispersed reef environment, showing how tracking can be coupled with a suitable multiparametric environmental monitoring system, as provided by cabled observatories. Male lobsters remain within the reef structures, at least in summer. This highlights the potential of artificial reefs for lobster re-stocking. Spider crab males did not stay in the reef area, but from former studies we can suggest that the ARs could be a potential release area for juveniles up to newly mature adults (1-3 months after terminal moult). Finally, current speed and direction, light and temperature were environmental factors triggering the movements of the spider crabs in this study. Current direction was the main factor for spider crab movements, and the movements of spider crabs were against the current, when current speed was above 0.15 m/s. 
